whether a slow synaptic current is due to neuropeptide secretion. Even more problematic is identifying which of the many neuropeptides synthesized by a neuron might be responsible (Bean et al., 1994 This technique has several distinct advantages. First, it is simple to apply and in principal could be adapted Although the biophysical and molecular mechanisms that regulate the secretion of classical transmitters are to study the secretion of any neuropeptide. Second, because the detector is fast, it could be used to investiunderstood at an impressive level of detail, much less is known about the regulation of neuropeptide secretion.
expression plasmid carrying this cDNA was termed pNPY.Fa.
Coexpression and Colocalization of NPY and FMRFamide
To determine whether FMRFamide was actually made, AtT-20 cells were transfected with pNPY.Fa and To ensure that NPY and FMRFamide are synthesized together, we tagged the cDNA encoding the NPY propGFP (to identify the transfected cells), then stained with an antibody against FMRFamide. Intense staining tained cells treated identically, but transfected with all three plasmids. Secretory events could not be for FMRFamide was observed. In contrast to the uniform cytoplasmic distribution of GFP, FMRFamide immunoevoked from GFP-positive cells that lacked either the FMRFamide receptor or the tagged NPY precursor. reactivity was concentrated in puncta that were predominantly localized to the tips of the processes ( Figure 1B) . However, secretion was consistently observed from sister cultures that had been transfected with all three The distribution of FMRFamide staining is typical of that seen by endogenous and transfected neuropeptides plasmids ( Figures 3A and 3B) . Thus, to detect secretory events, the cell must be transfected with both the that can be released via the regulated secretory pathway in In some cells, the fast secretory currents were superimposed on a slowly decaying calcium-dependent chloride The Secretory Events Are Blocked by Amiloride current that was visible as a inward current at Ϫ80 mV (e.g., see Figure 2B to evoke individual release events that rose and decayed decay ( Figure 5D ), suggesting that secretion does not arise from imperfectly clamped regions of the cell. smoothly. In practice, the duration of depolarization varied from 400 ms to 2 s between experiments. Since there was no difference in the amplitude, rise time or decay Neuropeptide Release Is Frequency Dependent Because the preceding experiments used long depolartime constant of events in the presence or absence of 10 M niflumic acid, the data was combined (p ϭ 0.14, izing pulses to induce neuropeptide secretion, we next determined whether more physiological stimuli were 0.28, 0.10, respectively). The individual events varied in amplitude (Ϫ248 Ϯ 18.7 pA, mean Ϯ SEM, n ϭ 236 also effective in evoking release. When the duration of the stimulating pulses was reduced to 50 ms, secretory events from nine cells; Figures 5A and 5B ). This distribution could arise from a number of sources, including events could still be evoked but these were only loosely coupled to individual depolarizations (i.e., many pulses variations in the levels of neuropeptide within individual granules or variation in receptor levels (or location). Prefailed to elicit secretion and the duration between the end of the stimulus and the event was variable). Very liminary evidence (data not shown) using an epitopetagged version of the FMRFamide receptor (Coscoy et  little We then examined whether FMRFamide secretion could be monitored from chromaffin cells that had been transfected with the FMRFamide receptor, the FMRFamide-tagged NPY precursor and GFP. In these experiments, the pipette solution was designed to suppress potassium currents. When GFP-positive cells were held at Ϫ80 mV, then briefly depolarized, rapid secretory events were frequently observed upon repolarization to Ϫ80 mV. Secretory events could be evoked by a train of 10 ms depolarizations at a frequency of 3 Hz ( Figure 7B ) and had a similar time course to those previously observed in AtT-20 cells. Again, events were not closely coupled to individual depolarizations. A variety of experiments indicated that these secretory events were due to the release of FMRFamide. First, they were blocked in the presence of amiloride (Figure 7C ), an antagonist of the FMRFamide receptor, at concentrations that did not affect the calcium current ( Figure 7C) . Second, exogenous application of FMRFamide only evoked an inward current in GFP-positive cells ( Figures  7D and 7E ) and secretory events could also only be 
AtT-20 cells with a depolarizing pulse then applied a (C and D) 10%-90% rise time (C) and decay time (D) constants of the events from the data set shown in (B).
second depolarization at a varying time after the first ( Figure 8A ). Secretion was measured by integrating over an 11 s time window (illustrated by the bars in Figure  8A) , then expressed as a percentage of the total amount secreted per cell. The extracellular medium contained 10 M niflumic acid to block any contaminating calciumand interpulse interval was not linear and a significant facilitation was observed with a 60 ms interpulse interval dependent chloride current. This method will tend to underestimate the amount of facilitation at short in-(p ϭ 0.004, 6 s versus 60 ms interpulse intervals, n ϭ 5, Figure 8B ). This was not due to a facilitation of unterpulse intervals, but because secretion did not occur in response to single brief depolarizations, more traditional blocked calcium-dependent chloride current because similar experiments using control, nontransfected cells methods of measuring facilitation (e.g., as the ratio of secretion evoked by two pulses) could not be used.
in the presence of niflumic acid showed no difference in the integral of inward current over the same time However, the relationship between peptide secretion 
